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INTRODUCTIOM 

This memorandum summarizes' ' ' 

animal exposure devices. Prosress to £*"” “T” ?r ° jeCt t0 terize 

.1 Ogress tor the period June 1974 to Januarv 107c 
summarized. Only abbreviated a- . anuary 197 S is 

and the current status of the - 1S ? USS1 °" S ° f ex P erl "a"tal results, conclusions', 
not In l a a th Pr °- lect are Presented. Detailed discussions are 

no zncluded as they are more appropriately presented in open literal „h 

catrons and an annual process report .in be submitted in dune LlS 
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CURRENT STATUS ' ' ; 

: for e^ ° b3eCtiVeS ° f the ?«>}«« are to establish a battery of tests 

, tLse tttsT T USS f ° r eXP ° Sing anin3lS “ " h ° le **““ to apply 

I: ! t0 devices ° f interest to the Council for Tobacco Research 1 to 

vi«s eUninatl ° n ° f discovered shortcomings in the de- V 

the devices L ! s effoT" “ deVel ° Pi " 8 neth ° dolo >= i « to test 

'sent time ■’ rs contrnurng at a reduced level. Emphasis at the pre- 

. r IZ C U T aValIaMe t0 eV3lMte tha Walton-Horizontal, L r- 

s t 0 “ s r^ T and InStrUnSntS SE " 1 **«“• * number of 

tin 7 8 S) " ” S Ve bee " t0 d *t- Means for elimina- 

8 f ° tCOmngS haVC been d « ls c d and implemented in some cases. 

tudres on the Walton Horizontal sucking machine have been extensive and 
have included ^n in-depth evaluation of the operational features of the machine 

the irSIt?^ Pr0?ertieS ^ S ” 0,te ° ffered 'a animals with 
vrce. Chemical studies include assessment of smoke uniformitv in ... . 

posure chamber, losses of smoke from the exposure chamber, and the ef-ect of * 

smoke aging and animal interaction on the concentration and • - 

c«ered to animals with the device, initial ™ 

tZr^rrr an “ ”7 “ tenSiVe StUdieS *« * the near 

animal ° ’’** ” deter " lnin 2 'he particle size distribution of smokes 

^animal exposure systems was recently deveWd ... • : * 
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tronic circuits that control operation of the system. Continual failure of the 
electronic circuits has occurred, and a major effort has been required to locate 
and repair faulty circuits. The system is presently inoperative, and a number 
of electronic circuits are .being reconstructed. 

A prototype model of the Process 5 Instruments (P§I) SEM I exposure system 
was received during this report period and an extensive operational evaluation 
was made. Several' shortcomings of the system were discovered and design changes 
were implemented. The design changes are being incorporated in a new model of 
the system which is presently under construction by P§I. Studies to define the 
chemical properties of smoke offered by the prototype system are currently under- 
way. ' ..... ... ,y 
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ACTIVITIES FOR THE PERIOD JUNE 1974.TO JANUARY 197S j 

Ai Operational Characterization and Design Improvements in the P5I SEM I System . 

1. The electronic timing circuits which control operation of the smoke dis¬ 
tribution valve did not permit accurate control of the exposure time. An 
ImpAOved timing clxcult teas devised and recommended to the manufacturer 

! 1 1 M ’ r: for inclusion in the final model of the system. 

2. A tempexatuxe nlse of fnom 65-7Q e C teas found to occua In the. vicinity of 
dgaJietteS duxlng smoke geiiexatlcn. A temperature rise of this magni¬ 
tude is not acceptable because of resulting changes in puff volume and 
because the chemical composition of the smoke may be altered. The ten- 
pexatuAe xlse was reduced to 25-50°C by changing the design of the side- 
stream smoke hood and the air flow system. Further reduction in the tem¬ 
perature rise will require major design changes if chemical studies re¬ 
veal that the smoke composition is affected. 

3. The xelatlve humidity. of alx h\ the dome axea of the system decxeases to 
■ less than 10% when sevexcl leads cf el gazettes axe smoked. Because of 

the possible effects of the low humidity on the burning rate of cigarettes, 
the chemical composition of the smoke, and deposition of smoke particulates 
in the'animals, efforts are being made to humidify the dome supply.air to 

’’’ ~~ ’ 60% relative humidity at ambient temperatures. A device fofi Injection of 

. watex Into the alx Supply has bzcji designed and built. The device is cur- 
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rently undergoing tests. ....... ... - 

4. Fluctuations In dome pxessute were encountered when the eject and loader.; 
• assemblies operated. The fluctuations pxoduced a change In the puff vol- 

ume of fxom 3-5 ml. A ballast tank installed on the supply air system was 
; 1 found to Aeduce the pxessuxe fluctuations to an Insignificant level. The 
. ballast tank will be incorporated into the final design of the system. 

5. Operation and calibration of the SEM I is easy and uncomplicated. In 
about three months of heavy usage, no majoA mechanical breakdowns, com¬ 
ponent failures, or other maintenance pxoblems have been encountexed. 
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6. Measurements of the sidestream smoke concentration in the dome area were 
made using nicotine and carbon monoxide as snoke indicators. Based on 
these measurements, contamination of the mainstream smoke viith iideitAean 

' imoke li lea than 0.5$. 

7. The static bu/ui Katz of cigarettes in the machine under operating con¬ 
ditions was measured. This study showed that the bum rate li not a£- 

I [eeted by the. Aecormended cum. fiiot'J rate through the dome (350 cfm). 

8. A number of minor design changes based on the initial evaluation of the 
prototype model were made to the manufacturer in a letter of January 2, 

" 1975. .. . ' 
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B. Chemical Properties of Smoke from the P$I SEM I System. ’ • - ; 

1. Assessment of the quantity and chemical composition of smoke generated 
and delivered by the prototype system is currently being made. Initial 
studies deal with the total particulate matter, nicotine, tar, and water 
deliveries of cigarettes smoked on the system. High resolution gas chro- 
.. matographic methods for smoke particulates and gas phase are being ap¬ 
plied to investigate smoke composition. __ 

:: , «v events -iv.i* Pc 

C. Operational Studies on the Walton-Horizontal Smoking Machine. 

1. Measurement of the static burn rates of cigarettes showed that the. ma- 
chinejoould^ not 6moke tivj.ee cigaAettz* a& designed. Air venting from 
the puffing dome flows over the cigarettes and causes the static burn - 
rate to increase so that the cigarettes are consumed with less than the 
standard number of puffs. A Solenoid valve ioa& installed in the puff 

• - air supply to eliminate the problem. . 

2. The pAoceduAe $OA calibAation of puff volumes with the machine has been 
Simplified. Studies showed that the puff volume is not significantly 
affected by the resistance of the cigarette, eliminating the need for a 
separate calibration with each type cigarette smoked on the machine.'' 

D. Chemica l and Physical Properties of Smoke Presented to Animals with the 

IValton-Horizontal Smoking Machine. - .. - 
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1. The possibility of changes in smoke composition as. the smoke stands in 
■... the exposure chamber was investigated using two high-resolution gas chro 

matographic profiling methods. These methods permit'visualizatiOn"t>f 
approximately 250 of the major organic components in the gas and particu¬ 
late fractions of smoke. Profiles for smoke aged for 30 seconds were al- ■ ' _ 
most identical to fresh smoke indicating that veAjj liJttle OA no composi- 
tional changes axe occjAAing tn the I'Jalton exposure chimb ex. duxing expo- 
SUAei.Up to 30 Seconds. • ; -'y , 

\ _, *. 

2. Analyses were made for nicotine, nitric oxidej and neophytadiene in the'. • 

. , Walton exposure chamber to determine the effect of aging on these impor- v< 

■ , tant smoke components. Only with nitric oxide was aging shown to produce 
a change in the component concentration. With nitxic oxide-, the concen- 


tration decrease due to reaction with oxygen was very small --the. concen- 
txation decAeased lea than 10% In'a 30 second expos uxe. • •• >• 

The high resolution chromatographic profiling methods were used to es-• 
tablish the effect of animal interaction with smoke in the Walton expo- 




general overall decrease in the gas and particulate phase concentration. 

In addition, several components in the gas phase are affected more than 
other components resulting in compositional changes. During a 30 second 
exposure, the overall organic gas phase concentration decreases by nearly 
a factor of two. One peak in the gas phase profile almost completely dis¬ 
appears and others are affected to a lesser extent. Animat interaction 
with smoke in the. Watten expos axe chamber is potzntiatty a serious probtm . 
and should be taken into account in using the system for biological studies. 

4. Analysis of nitric oxide in the Dalton exposure chamber during exposures 
of 20 mice showed that the mice remove nitric oxide from the chamber at 
an appreciable rate and therefore deplete the chamber of this important 
smoke constituent. Tkz nitric oxide conczyvtration is depicted by approx¬ 
imately a factor o £ too dating a 30 second exposure otf 20 micz. 


5. Application of newly developed methodology for particle size measurements 
have been made to determine the effect of smoke aging on the particle size 
of the smoke aerosol in the Walton exposure chamber. Initial rzsuits Show 
that the particie size is increasing rapidly during a 30 second exposure; 
tkz particle size appro ximaizZy doubles during a 30 second exposure. Studies 
On the effect of animals on the particle size are currently underway. 

6. Comparisons were made of the composition of smoke generated by the Walton 
smoking machine and the Phipps and Bird analytical smoking machine. The 

’ high resolution chromatographic profiling methods were used for this com¬ 
parison. This study showed* that smoke generated by tiiz WaJLton duplicates 
Smoke generated undex staidaxd smoking conditions. They also suggest that 
positive puling has vexy little e^ect on smoke composition. 


7. 


Continuat use the Watte n macJiiiz without cleaning results in buitd-up 
o£ smoke particulates on the Hexnal surfaces o£ thz zxposunz chamber. 
Studies were made to establish how frequently the exposure chamber should 
be cleaned to avoid exposing animals to the gas phase constituents in 
equilibrium with the particulates deposited on the walls of the chamber. 
Analysis of the gas phase from the exposure chamber for organic constitu¬ 
ents showed very low levels of smoke components after 40 cigarettes had 
been smoked on the machine. Cr.cz-a-day cleaning o{ thz exposure chamber 
is Su{£ident to prevent exposure to components in equilibrium with de¬ 


posited particulates. 


8. Initial dosimetry experiments with mice were performed during the first. 
contract year on t the Walton: smoking machine^ - Extens ive 1 studies - have - been ' 
planned which will be a collaborative effort of this laboratory and Micro-, 
biological Associates. This work will begin with final approval from CTR. 




Maintenance Problems with the Lori Hard LACS II Exposure System ...- f. u: d. a 

1. Numerous maintenance problems have arisen in attempting to perform an 
•if evaluation of the Lori Hard LACS II system. The main cause fior the prob 
T lems is poor construction c* electxonic contxol circuits in the instrument. 
.During this report period, over 25 faulty solder joints have been repaired, 
and approximately 20 integrated circuits and 17 transistors have failed and 
have been replaced- The entire electronic circuits of the system are cur- 
o rently being checked and some circuits are being rebuilt. Thorough evalua- 
^ tion of_^the,system is_not ,possible,until. the,electronic circuits,are .oper- + 
! ■ ating’properly', f' . V\Vf'777,.:;; ‘!>7:f 

1003536002 
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2. The qa ad-valve assembly on the system is inopenative. Lorillard Research 
• has been informed of the mechanical failure of the valve, and is presently 
redesigning a new valve. 
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Preliminary Studies of- Smoke Delivered by the Lorillard LACS II . 

1. Measurements were made on the age of the smoke delivered by the LACS II 
using a thermal conductivity monitor developed during contract year one. 

These measurements showed that the. smoke is less than 5 seconds old when 
it Azaches ' the animat exposuAz unit (all of the smoke is less than 5 sec. 
old and 50% of the smoke is less than 2.5 seconds old). 

2. Studies on the quantity of Smoke dzliveJied by the LACS II show that the 
smoke is o{$ZAed to aJLL animats at the Same concentAation. These studies 
were made using nicotine as a monitor of smoke concentration. 

3. Losses 0 (J Smoke paAticulates in connecting tubing used with the LACS II 
OfiZ VQJiy Small and do not present a problem. Losses in the quad and 
shuttle valves have not yet been established. 

4. Thz tempenatuAe in thz vicinity cigaAztteS smoked on thz LACS 71 has 
been measured.. It was found that the maximum temperature is 5Q°C ivhicJi 
may have an zfifizct on thz chemical composition of smoke generated by the 

system. ■ - '. • ■ ; . 

Methodological Development and Exposure Concepts - 

1. A method has been developed £ on. measuAement o£ the panticZe size distAi- 
bution o£ smoke paAticulates in exposuAZ systems . The method involves en¬ 
capsulation of smoke particles in a polymer bead and examination by scan- 

; ning electron microscopy. Initial application of the method has been 
made to study smoke aging in the Walton Horizontal smoking machine. 

2. Exploratory studies have been made on application of FouAieA. tAansfioAm . 

in^AaAzd SpectAOScopy to study compositional changes of smoke in animal 
exposure systems. Present indications are that the technique can be used 
to assess the possibility of very Aapid chemical changes which occur with 
in the first few seconds after smoke is generated. Techniques for detec¬ 
ting very rapid chemical changes are not now available. . - 

3. A monitor for continuous measurement of the smoke particulate concentration' 
in exposure sys'teras .is’ .under .development,- „ .Both laser, -light -scattering ’and 
light absorption are being 'considered. A’ device is needed for particulate >’j// 
monitoring to establish smoke uniformity and concentration. 

In smoke exposure systems, different smoke generation methods are used. • 

Studies are underw ay t o establish if and h ow the smoke generation method • . ,C • 
affects the delivery of the cigarette or the composition of the smoke. 

The following smoke generation variables are under, study: horizontal. vs_ 
vertical cigarette placement, restrictive vs free smoking, and positive . 
vs negative puffing. Results obtained to date suggest that small but . 
discemable differences in cigarette delivery result from the different ’ 
smoke generation methods, but that compositional differences in the smoke 
are not evident..... . 
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